The chemical profile, cytotoxic and apoptotic effect, and antioxidant activity were determined of ethanolic extracts of Vitex agnus-castus L. (chaste tree). Ripened fruits and fruitless aerial parts were extracted with ethanol, and the chemical characterization of the extracts was determined by LC/ESI-MS-MS. Twelve compounds were tentatively identified in the extracts. The dose-dependent cytotoxic effects of the extracts were tested on C6, A549 and MCF-7 cells by using MTT assay; inhibition of DNA synthesis, and apoptotic and caspase-3 activation effects of the extracts were determined. The potential antioxidant activities of the extracts were evaluated by in vitro methods such as DPPH and ABTS scavenging activity, reducing power and β-carotene bleaching assays. The fruit extract showed noticeable cytotoxic activity against MCF-7 cells with an IC 50 value of 88 μg/mL. Both extracts showed similar DPPH scavenging activity comparably with that of the standard.
Vitex agnus castus L., known as chaste tree, belongs to the Verbenaceae family; it is widely distributed along the Anatolian coast line [1] . Described as a "women's herb" because of its uses in the treatment of gynecological conditions such as ovarian insufficiency, uterine bleeding, premenstrual syndrome, fibroid cysts, infertility and acne problems, it has been used for over 2500 years, since the days of Hippocrates [2] [3] [4] [5] . It has been used for a long time as a diuretic, digestive, antifungal and also against anxiety, early birth and stomachache in Anatolian folk medicine [1, 6] . In recent years, the extracts of ripened fruits have shown noticeable cytotoxic activity against human cancer cells [1, 4, 9, 10] . Essential oil (1,8-cineole, sabinene as major volatile compounds) [11] [12] [13] , flavonoids (casticin, luteolin, apigenin) [7, 14] , iridoid glycosides (agnuside and aucibin [7] , diterpenes (vitexilactone, rotundifuran, vitetrifolin D [14] [15] [16] , diterpene lactam (vitex lactam A) [17] , and fatty acids (linoleic and oleic acid) [8] have been identified in the fruits. Among these compounds, agnuside, casticin, vitexilactone, vitetrifolin D and rotundifuran are known as marker compounds for the genus Vitex or V. agnus castus. Agnuside, aucubin or casticin are used to standardize extracts based on their prevalence and ability to be detected by UV. Although there is evidence that diterpenes contribute to the pharmacological activity of V. agnus castus, they do not make a good marker for the extracts. Agnuside, exclusively found as a major compound in V. agnus castus, has been found to inhibit cyclooxygenase-2. Also, flavonoids, including apigenin, are known for their antiinflammatory effects [35] . Casticin exhibited broad spectrum cytotoxicity against KB, LNCaP and Lu1 cells with low ED 50 values [36] . V. agnus castus has been widely investigated for its pharmacological activities for many years. However, there are very few studies on its phytochemicals and analytical investigations. In view of the potential of V. agnus castus, which is still an important source of lead molecules, this study aimed to identify phytochemicals in the fruits and aerial parts, mostly leaves, by LC/ESI-MSMS. At the same time, we aimed to show possible correlation between cytotoxic and antioxidative activities of V. agnus castus extracts.
The extracts of ripened fruits (FE) and fruitless aerial parts (FAPE) were prepared with ethanol. The extraction yields for FE and FAPE were 9.6% and 7.8%, respectively. The total phenolic content of each extract was calculated by spectrophotometric assay. Total phenols were expressed as gallic acid equivalents {mg of gallic acid per g (dry weight) of extract}. The total phenolic contents of the FE and FAPE were 46±2.3 and 68±1.7 mgGAE/g, respectively. The FAPE was found to be richer in phenolics than the fruit extract. Each extract was analyzed by LC/ESI-MS-MS. To achieve separation and ionization of the compounds, a new method was employed. Each peak in the chromatograms was identified by its UV spectrum, molecular weight and fragmentation pattern by comparison with standards, in-house library and published data. Sixteen compounds were tentatively identified ( Figure 1) . Peak 1 presented a molecular ion [M-H]ˉ at m/z 353, and an ion at m/z 191 (quinic acid-H) that was associated with the loss of a caffeoyl moiety (-162 amu). A weak signal was also observed at m/z 179, consistent with caffeoylquinic acid derivatives. According to Clifford et al., peak 1 is 5-caffeoylquinic acid [22] . Peak 2 showed a molecular ion [M-H]ˉ at m/z 465, and fragment ions at m/z 285 and m/z 137. This result was consistent with the iridoid glucoside, agnuside, which is very common in Vitex species [7] . [23] . Peak 10 showed a pseudo molecular ion at m/z 473; this yielded two fragment ions at m/z 311 and 173 (base peak ion). This fragmentation pattern was similar to that of a dicaffeoyltartaric acid derivative previously reported by Gouveia and Castilho [26] . Peak 11 was identified as apigenin glucuronide, with a characteristic fragment at m/z 269 and [M-H]ˉ at m/z 445. Peak 12 gave a signal at m/z 519 with characteristic fragments at m/z 339, 225, 163 and 119. This fragmentation pattern was similar to that of coumaric acid, according to fragments at m/z 163 and 119. However, this compound was not identified fully and is called only as a coumaric acid derivative. Peak 13 (t R 28.64 min) was confirmed as 3',4',5'-trihydroxy-3''-methoxy-4'' caffeoyl lignan according to data published by Guo et al. This compound produced an ion at m/z 521, which yielded ions at m/z 315, 297, and 163 [27] . Peak 14, at t R 36.04 min, produced an ion at m/z 285, with diagnostic fragments at m/z 133 and 157. Peak 14 was identified as luteolin; this was confirmed using a commercial standard. Peak 15 gave a pseudo molecular ion, [M-H]ˉ, at m/z 582, which yielded ions at m/z 462, 436, 342, 299, 316, 145, and 119. This fragmentation pattern was fully matched by the previously identified N1,N5,N10-tri-p-(E,E,E)-coumaroyl spermidine [28] [29] [30] [31] . Peak 16 at t R 37.12 min was confirmed as apigenin (m/z 269, 149, 117 and commercial apigenin standard). A LC/MS-MS method for Vitex extracts was described recently by Mari et al. for the first time [7] . In this, the fruits were extracted with ethanol:water (70:30, v/v) and the extract was subjected to n-butanol-water fractionation. The butanol fraction was analyzed by LC/ESI-MSMS in negative ion mode. Aucubin, orientin, luteolin-7-O-glucoside, agnuside, isovitexin, homorientin, and casticin were detected in the Hirobe et al. identified apigenin, luteolin and their glycosylated forms in the fruit extract [32] . In our study, a suitable LC/ESI-MS-MS method was developed for the ethanolic extract of fruitless aerial parts for the first time. At the same time, 5-caffeoyl quinic acid, agnuside, 2'-O-p-hydroxybenzoyl-8-epiloganic acid, a caffeic acid derivative, 3,5-dicaffeoyl quinic acid, isovitexin, luteolin glucoside, luteolin glucuronide, 4,5-dicaffeoyl quinic acid, a coumaric acid derivative, 3',4',5'-trihydroxyl-3''-methoxyl 4"-caffeoyl lignan, and luteolin were identified in the extract. The phytochemicals in the fruit extracts can be easily found in the literature studied by different groups [7, [12] [13] [14] [15] [16] [17] 32] . In our study, N1,N5,N10-tri-p-(E,E,E)-coumaroyl spermidine was identified in the FE for the first time.
The cytotoxic and apoptotic activity of each extract against C6, A549 and MCF-7 cancer cell lines were evaluated in vitro by four methods. At the beginning, dose-dependent cytotoxic effects of the extracts were tested on all cancer cell lines by using MTT assay. The FE exhibited cytotoxic activity against A549, MCF-7, and C6 cell lines with IC 50 values of 190.0±5.0, 88.3±18.9, and 283.3±30.6 μg/mL, respectively, whereas mitoxantrone (standard) showed activity against all the cell lines with IC 50 values of 23.7±1.2, 8.4±1.4, 11.8±0.8, respectively. The cytotoxic effect of the FAPE was lower than that of the FE in A549 and MCF-7 cell lines. However, the opposite result was obtained for the C6 cell line. The IC 50 values of this extract were 208.3±10.4, 128.3±2.9 and 193.5±55.1 μg/mL against A549, MCF-7 and C6 cell lines, respectively. Comparatively, the FE had higher cytotoxic activity against A549 and MCF-7 cell lines than the FAPE, while, mitoxantrone had the highest cytotoxic activity. MCF-7 cancer cells were found to be the most sensitive toward both extracts.
Analysis of DNA synthesis was measured by Roche Cell Proliferation ELISA, BrdU (colorimetric) kit. A549, MCF-7 and C6 cell lines incubated with three different concentrations of each extract were determined according to their IC 50 values. The inhibitory activities of the samples on DNA synthesis for all cancer cell lines are given in Figure 2 . The FAPE at 312 µg/mL was as effective as the positive control (mitoxantrone) at 35.6 µg/mL on A549 cancer cells. Especially at higher doses than the IC 50 value, the FAPE had higher activity than the FE. The DNA synthesis inhibition of MCF-7 cells by both extracts was lower than that of mitoxantrone. The FE at 132.5 µg/mL inhibited approximately 50% of DNA synthesis while the FAPE showed similar inhibition at 128.3 µg/mL. Mitoxantrone inhibited DNA synthesis of MCF-7 cells by 80%. The inhibition percentages were lower than 30% for all tested concentrations of both extracts. Both showed inhibitory activity in a dose-dependent manner. 5  5  90  3  5  91  <1  4  93  Mito  16  2  81  24  6  70  3  3  93  C  17  26  57  11  9  79  1  10  75  D  20  44  35  28  38  34  <1  <1 The flow cytometric assay was used for the investigation of the apoptotic effects of each extract. A549, MCF-7 and C6 cells were cultured for 24 hours in medium with IC 50 values of the extracts and mitoxantrone. At least 10,000 cells were analyzed per sample, and quadrant analysis was performed. The FAPE showed a higher early apoptotic effect on both A549 (20.2%) and MCF-7 (28%) cancer cells than mitoxantrone (16.2% and 23.8%, respectively) ( Table 1) . There was no significant activity on C6 cancer cell lines for either extract. The typical quadrant analysis of Annexin V-FITC/propidium iodide flow cytometry of A549, MCF-7 and C6 cancer cells treated with the extracts and positive control are given in Figure 3 .
The activation of caspase-3 represents a critical step in the pathways leading to the biochemical and morphological changes that underlie apoptosis [37] . To evaluate caspase-3 activation of each extract, A549 cells were cultured for 24 hours in a medium with IC 50 values of each extract. At least 10,000 cells were analyzed per sample, and quadrant analysis was performed. IC 50 and lower concentrations were preferred for this assay. The FAPE showed 20.8% caspase-3 activity while the FE showed 8.2% activation ( Table 2) contributed to Vitex-induced apoptosis, resulting in the activation of the caspase family of molecules. However, activation of caspase-8 was observed in the Vitex-treated KATO-III, while the activation was not observed in Vitex-treated COLO 201 [39] . Furthermore, it has been demonstrated that luteolin, an important component of Vitex, induced apoptosis in human hepatoma HepG2 cells mediated through mitochondrial damage [40] .
When we summarized the published data, in vitro studies showed that V. agnus castus was cytotoxic against mouse lymphocytic leukemia (P388), human uterine cervical canal fibroblast (HCF), breast carcinoma (MCF-7), uterine cervical carcinoma (SKG-3a), ovarian carcinoma (SKOV- reported that dose-dependent cytotoxicity of V. agnus castus and casticin was observed in both HL-60 and U-937 cell lines; HL-60 cells were more sensitive than U-937 cells [34] . Casticin was also studied for its apoptotic effect on gastric cancer cell lines BGC-823, SGC-7901 and MGC-803. Casticin enhanced TRAIL-induced apoptosis through the downregulation of cell survival proteins and the upregulation of DR5 receptors [38] . One study on flavonoids isolated from V. agnus castus reported that luteolin 6-C-(4"-methyl-6"-O-transcaffeoylglucoside), luteolin 6-C-(6"-O-trans-caffeoylglucoside), luteolin 6-C-(2"-O-trans-caffeoylglucoside), luteolin-7-O-(6"-pbenzoylglucoside), 4',5-dihydroxy-3,3',6,7-tetramethoxyflavone, luteolin and artemetin showed cytotoxic activity against mouse lymphocytic leukemia (P388) [32] . In our study, caffeoylquinic acid derivatives were detected as major compounds. The literature reports that caffeoylquinic acids and dicaffeoylquinic acids show antiproliferative activity on human oral carcinoma (KB) cells. Also dicaffeoylquinic acids showed antiproliferative activities at lower IC 50 against W138, W138VA and MCF-7 cells. These results suggested that the number of caffeoyl groups might be a dominant factor in determining the potency inhibitory activity on the growth of adherent cells [41] . Agnuside showed a cytotoxic effect (76%) to COLO 320 cancer cells at 24 hours [42] . Both of our extracts were found to be rich in agnuside and caffeoylquinic acid derivatives.
These compounds may contribute to the cytotoxic activity against the tested cancer cell lines.
To reveal the potential antioxidant capacities and their relationship to the cytotoxic activity of the chaste tree ethanolic extracts, we chose four in vitro methods (DPPH and ABTS radicals scavenging activities [18] , β-carotene bleaching assay [18] and ferric reducing assay [21] ). According to our results, the FAPE showed more DPPH radical scavenging activity than the FE. The IC 50 values of the FAPE, the FE and BHT were calculated as 160±6 µg/mL, 240±6 µg/mL and 100±20 µg/mL, respectively. The TEAC values of the samples ranged between 1.53-2.58 mmol Trolox equivalents/L. FAPE (1.90±0.27 mM) was more effective than the FE (1.53±0.23 mM) on the ABTS
•+ radical scavenging activity. However, the FAPE showed a lower TEAC value than BHT. In the β-carotene/linoleic acid co-oxidation assay, neither of the extracts showed any activity, while BHT produced 87% inhibition of β-carotene/linoleic acid co-oxidation. Gallic acid and BHT were used as positive controls and the results are given as ascorbic acid equivalents. The reduction values of the samples were calculated as 0.56±0.02, 0.77±0.03, 23.7, and 7.43 mM/g AscAe for the FE, FAPE, gallic acid and BHT, respectively. The ferric reduction capacities of both extracts were very low when compared with the positive controls. Neither of the extracts showed any antioxidant activity using the β-carotene bleaching assay, while gallic acid had the highest reduction value. Both extracts showed good DPPH scavenging activity comparably with that of the positive control. Also they acted as a moderate ABTS inhibitor. We found that FAPE was more effective against free radicals than FE; FAPE was richer in phenolic contents than FE. A positive correlation was found between the free radical scavenging activity potential and total phenolic contents of the extracts. Caffeoylquinic acid derivatives (3,4-di-O-caffeoylquinic acid, 3,5-dicaffeoylquinic acid, 3-caffeoylquinic acid) have strong reducing activity against reactive oxygen species [43] . Agnuside showed remarkable free radical scavenging activity compared with standard BHA [42] . These compounds may contribute to the antioxidative activities of the extracts. Also luteolin and apigenin have antioxidant and chelating abilities. Luteolin was also shown by other investigators to be a significantly stronger antioxidant than its two glycosides [44] . So, phenolic acids and flavones in the extracts may be responsible for the scavenging activity against DPPH and ABTS radicals.
In conclusion, V. agnus castus fruit extract showed more cytotoxic activity against MCF-7 cancer cell lines than the extract of the fruitless aerial parts. However, an interesting point of the study is that the extract of the fruitless aerial parts inhibited DNA synthesis in all tested cancer cell lines; this effect was more than that of the fruit extract. Neither extract showed any apoptotic effect on C6 cells. The extract of fruitless aerial parts was found to induce apoptosis in both MCF-7 and A549 cell lines. This may be the result of the richer phenolic content of the extract of fruitless aerial parts than the fruit extract. There was no correlation between antioxidant activity and cytotoxicity. The phenolic content of the fruit extract contributed to the antioxidant activity, but non-phenolic compounds may be responsible for the cytotoxic activity against MCF-7 cell lines. Preparation of the extracts: Air-dried and ground fruit and fruitless aerial parts (5 g) were macerated with ethanol (50 mL) for 30 min, 4 times, using an ultrasonic bath. The extracts were evaporated to dryness at 35°C in a rotary evaporator, and stored at -18°C.
Experimental
Quantification of total phenolics: Total phenolics, estimated as gallic acid equivalents (GAE), expressed as mg gallic acid/1g extract, were evaluated according to Duymuş et al. [18] .
LC/MS-MS analysis:
A Shimadzu 20A HPLC system was used, coupled to an Applied Biosystems 3200 Q-Trap hybrid triple quadrupole/linear ion trap MS/MS instrument equipped with a Turbo-V ESI ion source that was used in the negative ionization mode. Separations were performed on a GL Science Intersil ODS 250 x 4.6 mm, i.d., 5 µm particle size, octadecyl silica gel analytical column operating at 40ºC at a flow rate of 1 mL/min. Detection was carried out at 320 nm. For elution a binary gradient of methanol:water:formic acid (10:89:1, v/v/v) (solvent A) and methanol:water:formic acid (89:10:1, v/v/v) (solvent B) was used. The composition of B was increased from 15% to 40% in 15 min, and from 40% to 45% in 3 min. It was stable at 45% concentration for 12 min and then increased from 45% to 75% in 5 min and from 75% to 85% in 3 min. In one min it was increased from 85% to 95% and reached 100% at 40 min. The HPLC chromatograms were obtained at 320 nm. Analyst 1.5 software was used for data acquisition and analysis.
Cytotoxic Activity
Cell culture and extract treatment: C6 rat glioma, A549 human lung adenocarcinoma and MCF-7, breast carcinoma cells were maintained as in Duymuş et al. [11] .
MTT assay for cytotoxicity of compounds: MTT was quantified as previously described, with small modifications [11, 19] .
Analysis of DNA synthesis: Analysis of DNA synthesis was measured using a Roche Cell Proliferation ELISA, BrdU (colorimetric) kit according to the manufacturer's instructions [20] .
Flow cytometric analyses of apoptosis: After incubating cells with each extract at IC 50 concentrations for 24 h, Annexin V staining protocol was applied according to manufacturer's instructions (BD, Pharmingen). The test cells were analyzed by flow cytometry (BD FACSCaliburTM) using FACS Diva Version 6.1.1. Software.
Flow cytometric analyses of caspase-3 activation: After A549 cells were incubated with each extract at IC 50 concentrations for 24 h, caspase-3 activity measurement protocol was applied according to the manufacturer's instructions (BD, Biosciences Pharmingen Pharmingen). The test cells were analyzed by flow cytometry (BD FACSCaliburTM) using FACS Diva Version 6.1.1. Software.
Antioxidant activity: 1,1-Diphenyl-2-picrylhydrazyl (DPPH•) radical scavenging activity, TEAC assay (Trolox Equivalent Antioxidant Capacity), and determination of inhibition of β-carotene/linoleic acid co-oxidation were determined according to Duymuş et al. [18] . Ferric reducing power activity was assessed by the method described by Koşar et al. [21] .
Statistical analysis: Statistical Package for the Social Science (SPSS) for Windows 15.0 was used for statistical analysis. Data were expressed as Mean ± SD. Comparisons were performed by one way ANOVA test for normally distributed continuous variables and post hoc analyses of group differences were expressed by the Tukey test at a level of p <0.05.
